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1 . 0  I N T R O D U C T I O N  

The t r a n s p o r t a t i o n  and m i s s i o n  equipment  i n c l u d e d  
i n  t h i s  s t u d y  were assembled  i n t o  an  a s s o r t m e n t  o f  d i f f e r e n t  
m i s s i o n  modes to accompl ish  v a r y i n g  l e v e l s  o f  l u n a r  e x p l o r a t i o n .  
E f f o r t  was c o n c e n t r a t e d  on t h e  a s ses smen t  o f  o p t i o n s  s u i t a b l e  
t o  t h e  t i m e  span  between t h e  Apollo A p p l i c a t i o n s  Program (AAP) 
and e s t a b l i s h m e n t  of  a semi-permanent l u n a r  base. A s  a r e s u l t ,  
m i s s i o n  modes a s s o c i a t e d  w i t h  t h e  AAP ( S h e l t e r - T a x i )  and t h e  
l a r g e  s c a l e  concep t s  (LESA ) o f  advanced s t u d y  e f f o r t s  w i l l  
r e c e i v e  o n l y  c u r s o r y  ment ion  for comparison p u r p o s e s .  Two 
o f  t h e  m i s s i o n  modes i n  p a r t i c u l a r  r e c e l v e d  t h e  g r e a t e s t  s h a r e  
o f  a n a l y t i c a l  e f f o r t :  (1) Extended S t a y t i m e  Apollo (Augmented 
LM; Re fe rences  3 and 4 )  and ( 2 )  u se  o f  i n t e r m e d i a t e  c a p a b i l i t y  
l a u n c h  v e h i c l e s .  

* 

The ex tended  s t a y t i m e  Apol lo  assumes a grown LM. The 
maximum LM weight  c o n s i s t e n t  w i t h  S e r v i c e  Module p r o p e l l a n t  
c a p a c i t y  (Block  I and I1 t a n k s ) ,  and l a u n c h  v e h i c l e  i n j e c t i o n  
c a p a b i l i t y  was e v a l u a t e d  from t h e  s t a n d p o i n t  o f  l a n d e d  and 
r e t u r n e d  p a y l o a d  c a p a b i l i t y .  LM s e p a r a t i o n  w e i g h t s  o f  39,500 
and 4 6 , 5 0 0  l b s  are p o s s i b l e  for Block I1 and Block I t a n k s  
r e s p e c t i v e l y  i f  t h e  p r e s e n t  Apollo c o n t r o l  w e i g h t s  a re  con- 
s i d e r e d .  The impact  o f  t h e  new h e a v i e r  Apol lo  c o n t r o l  w e i g h t s  u n d e r  
c o n s i d e r a t i o n  are shown t o  reduce t h e s e  w e i g h t s  t o  35 ,300  and 
43,700 l b s  f o r  t h e  two S e r v i c e  Module t a n k  c a p a c i t i e s .  

The r ange  o f  l a n d e d  p a y l o a d s  shown f o r  t h e  i n t e r -  
m e d i a t e  l aunch  v e h i c l e  ( 6 9 0 0  - 9500 i b s )  i s  s u f f i c i e n t  t o  
s u p p o r t  e a r l y  l u n a r  e x p l o r a t i o n s .  Based on p r e l i m i n a r y  
r e s u l t s  of t h e  E a r l y  Lunar S h e l t e r  s t u d y ,  f o r  example,  a 9000  l b  
l a n d e d  pay load  would s u p p o r t  3 men on t h e  l u n a r  s u r f a c e  f o r  
a b o u t  2 1  days  w i t h  3300 l b s  al lowed f o r  s c i e n t i f i c  equipment  
( e x p e r i m e n t s  p l u s  a small  r o v i n g  v e h i c l e ) .  F i g u r e  1 p r e s e n t s  
a t r a d e - o f f  cu rve  showing t h e  m i s s i o n  s t a y t i m e  vs  s c i e n t i f i c  
p a y l o a d  f o r  9000 l b s  l a n d e d  on t h e  moon. Landed p a y l o a d s  o f  

*Lunar E x p l o r a t i o n  Systems f o r  Apol lo  



' I  

BELLCOMM. INC.  -2- 

t h i s  o r d e r  c o u l d  a l s o  i n c l u d e  combined s h e l t e r  and m o b i l i t y  
sys t ems  .(MOLAB, MOLEM, e t c . )  w i t h  a d e q u a t e  s c i e n t i f i c  s u p p o r t  
l a n d e d  v i a  a second i n t e r m e d i a t e  l a u n c h  v e h i c l e .  E x p l o r a t i o n  
m i s s i o n s  of t h i s  n a t u r e  have t h e  advan tage  o f  b e i n g  ab le  t o  
v i s i t  a v a r i e t y  of  l u n a r  s i t e s ,  and a t  t h e  same t i m e  p r o v i d e  
a good t e s t  f o r  m i s s i o n  equipment r e q u i r e d  f o r  l a r g e r ,  more 
permanent  t y p e  b a s e  e x p l o r a t i o n  c o n c e p t s .  

Be fo re  t a k i n g  up t h e  c a n d i d a t e  m i s s i o n s ,  a b r i e f  
d i s c u s s i o n  of  t h e  f l i g h t  mechanics  i n v o l v e d  i n  d e t e r m i n i n g  
m i s s i o n  c a p a b i l i t i e s  i s  needed. The b a s i c  r o c k e t  e q u a t i o n  
was a p p l i e d  t o  s e l e c t e d  AV budgets  t o  p r o v i d e  comparable  
pe r fo rmances  f o r  t h e  d i f f e r e n t  modes e v a l u a t e d .  The Apol lo  
AV budget  was used  f o r  Apollo t y p e  LOR f l i g h t s .  A l l  o t h e r  
m i s s i o n s  were based on t h e  two AV budge t s  shown i n  T a b l e  1. 
These budge t s  r e p r e s e n t  a r ange  from s l i g h t l y  o p t i m i s t i c  
t o  m o d e r a t e l y  c o n s e r v a t i v e ,  and per formances  c a l c u l a t e d  w i t h  
them have a good chance of b r a c k e t i n g  t h e  t r u e  c a p a b i l i t i e s .  

2 . 0  SINGLE VEHICLE MISSIONS USING AVAILABLE OR M I N I M U M  
MODIFICATION EBUIPMENT 

2 . 1  R E L A X A T I O N  OF C O N T I N G E N C I E S  

P r i o r  t o  a s sembl ing  new l o g i s t i c s  equipment i n t o  
m i s s i o n  modes, t h e  impact  of con t ingency  r e l a x a t i o n  i n  t h e  
A p o l l o  v e l o c i t y  budget  was a s s e s s e d .  The LM AV budget  
i s  o f  p r ime  i n t e r e s t  because  o f  t h e  direct, a p p l i c a t i o n  to 
l a n d e d  pay load  i n c r e a s e s ,  and t h u s  w i l l  b e  t h e  on ly  budget  
c o n s i d e r e d  h e r e i n .  

- T t  \ . J G I J ~ ~  'IgEeSs \ A T O ~ ~ "  to attempt p r e d i c t i n g  
p o s s i b l e  r e d u c t i o n  i n  t h e  LM AV budget  a t  t h i s  t i m e ,  b u t  
a f e w  examples  s h o u l d  p r o v i d e  a n  awareness  of t h e  p o s s i b i l i t i e s .  
Some r e p r e s e n t a t i v e  c a s e s  a r e :  

a .  Reduc t ion  of hover  t i m e  b e c a u s e  of crew e x p e r i e n c e  
and r e l a x e d  l a n d i n g  c r i t e r i a .  

b .  Use o f  t h e  S e r v i c e  Module t o  t ake  o v e r  some o f  
t he  p r o p u l s i o n  r e q u i r e m e n t s  o f  t h e  Livi such  as: 

(1) R e t r o  t o  a lower  l u n a r  o r b i t  t o  d e c r e a s e  
r e q u i r e m e n t s  on t h e  LM f o r  b o t h  d e s c e n t  
and a s c e n t .  

( 2 )  Per form small p l a n e  changes  r e q u i r e d  of  t h e  LM 
d u r i n g  d e s c e n t  and a s c e n t .  

( 3 )  Perform t h e  r e t u r n  r endezvous  and docking  
maneuvers .  
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F i g u r e  A - 1 ,  a s  e x p l a i n e d  i n  Appendix A ,  i n d i c a t e s  
t h e  p o s s i b l e  LM weight  i n c r e a s e s  f o r  a r ange  of  AV budget  
r e d u c t i o n s .  The example used  i n  Appendix A migh t  be  c o n s i d e r e d  
t y p i c a l  f o r  t h e  LOR m i s s i o n .  The AV r e d u c t i o n s  of  200  f t / s e c  
f o r  a s c e n t  and 6 0 0  f t / s e c  f o r  d e s c e n t  might  come from t h e  
f o l l o w i n g  changes t o  t h e  Apollo m i s s i o n  p r o f i l e :  

a .  S e l e c t i o n  o f  a 1 0  NM i n s t e a d  of  80  NM l u n a r  
o r b i t  a l t i t u d e  would r e d u c e  A V ' s  f o r  b o t h  
a s c e n t  and d e s c e n t  by 2 0 0  f t / s e c .  

b .  Reduct ion  i n  hover  t i m e  by 7 5  seconds  would 
f u r t h e r  r educe  t h e  d e s c e n t  AV r e q u i r e m e n t  by 
400 f t / s e c .  

A s  de t e rmined  from F i g u r e  A - 1 ,  t he se  a d j u s t m e n t s  
c o u l d  i n c r e a s e  t h e  l anded  "non- re tu rnab le"  pay load  by 2,150 
l b s ,  or w i t h  abou t  1900 l b s  i n c r e a s e  i n  l anded  p a y l o a d ,  
a l l o w  f o r  2 2 9  l b s  a d d i t i o n a l  r e t u r n  pay load  ( l u n a r  samples) .  

T h i s  i n c r e a s e d  c a p a b i l i t y  i s  a v a i l a b l e  w i t h o u t  change 
t o  t h e  Apo l lo  LM, e x c e p t  f o r  i n t e g r a t i o n  o f  t h e  i n c r e a s e d  
p a y l o z d s .  For t h e  above example,  t h e  l u n a r  s t a y t i m e  f o r  t h e  
A p o l l o  t y p e  m i s s i o n  c o u l d  be  ex tended  4-5 d a y s  and s t i l l  a l l o w  
l a n d i n g  o v e r  1 0 0 0  l b s  o f  s c i e n t i f i c  equipment f o r  s u p p o r t  
(es t imate  based on 250 lbs /day  as weight  of expendab les  
r e q u i r e d  for s t a y t i m e  e x t e n s i o n ) .  

2 . 2  EXTENDED STAYTIME APOLLO 

A r e a s o n a b l e  p o s s i b i l i t y  f o r  e x t e n d i n g  t h e  Apol lo  
c a p a b i l i t y  would be t o  u s e  t h e  a v a i l a b l e  SM p r o p e l l a n t  c a p a c i t y .  
Wi th  t h e  CSM i n e r t  weight  a t  t h e  Apo l lo  l e v e l  ( 2 1 , 2 0 0  l b s ) ,  
u s e  o f  4 0 , 0 0 0  l b s  of  SM p r o p e l l a n t  (Block  I1 t a n k  c a p a c i t y )  
would e n a b l e  a LM s e p a r a t i o n  weight  o f  3 9 , 5 0 0  l b s .  The 
l a u n c h  v e h i c l e  t r a n s l u n a r  i n j e c t i o n  ( T L I )  c a p a b i l i t y  r e q u i r e d  
would be  1 0 4 , 0 0 0  l b s  - w i t h i n  t h e  assumed 1970 S a t u r n  V 
c a p a b i l i t y  ( R e f e r e n c e s  1 and 2 ) .  

These r e s u l t s  l o o k  p r o m i s i n g ;  s imply  f i l l i n g  t h e  
SM t m k s  t o  c a p a c i t y  and modes t ly  upgradi-ng t h e  l a u n c h  
v e h i c l e  a l l o w s  a 7000  lb i n c r e a s e  i n  LM s e p a r a t i o n  w e i g h t .  
The concep t  must be  examined, however,  from t h e  s t a n d p o i n t  
o f  LM m o d i f i c a t i o n s  r e q u i r e d  t o  take  advan tage  of t h e  weight  
g rowth .  Two sample cases w i l l  be d i s c u s s e d  b r i e f l y  t o  p r o v i d e  
a f e e l  f o r  some of  t h e  problem a r e a s  i n v o l v e d .  

F i r s t  c o n s i d e r  t h e  c a s e  where t h e  t h r u s t  l e v e l  o f  
t h e  d e s c e n t  e n g i n e  i s  i n c r e a s e d  s u f f i c i e n t l y  t o  p r o v i d e  t h e  
same i n i t i a l  t h r u s t - t o - w e i g h t  r a t i o  (T/W) a t  t h e  s t a r t  o f  
t h e  d e s c e n t  maneuver.  The eng ine  b u r n  t ime and g r a v i t y  l o s s e s  
would t h e n  be t h e  same and hence ,  t h e  d e s c e n t  AV budget  would 
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* 
n o t  change  . The l a n d e d  weight  would b e  1 8 , 4 0 0  l b s  and 
21,100 l b s  of  d e s c e n t  p r o p e l l a n t  would be used  ( 3 , 7 4 0  l b s  
o v e r  t h e  p r e s e n t  t a n k  c a p a c i t y ) ,  M o d i f i c a t i o n s  t o  the 
d e s c e n t  s t a g e  f o r  a d d i t i o n a l  t a n k a g e ,  i n c r e a s e d  e n g i n e  
weight ,  and s t r u c t u r a l  r e i n f o r c e m e n t  ( l a n d i n g  gear ,  e t c . )  
would i n c r e a s e  i t s  i n e r t  weight  by a b o u t  1 0 0 0  l b s  based on 
m a i n t a i n i n g  t h e  Apo l lo  u s a b l e  p r o p e l l a n t  weight to t o t a l  
s tage weight  r a t i o .  The iiet i n c r e a s e  i n  l a n d e d  p a y l o a d  
o v e r  Apo l lo  would b e  abou t  2200 l b s  ( l e f t  on t h e  l u n a r  
s u r f a c e ) .  

I f  t h e  l a r g e r  LM were u s e d  t o  i n c r e a s e  t h e  weight  
o f  l u n a r  samples f o r  e a r t h  r e t u r n ,  t h e  i n t e r p l a y  between 
modules i s  a l i t t l e  more complex; some of  t h e  SM p r o p e l l a n t  
i s  r e q u i r e d  f o r  r e t u r n  o f  t h e  samples, and t h u s  t h e  a l l o w a b l e  
LM s e p a r a t i o n  we igh t  must be r e d u c e d .  A c a s e  was assumed 
where t h e  i n c r e a s e d  r e t u r n  pay load  weight e q u a l e d  t h e  i n c r e a s e  
i n  l a n d e d  p a y l o a d .  The a l lowable LM s e p a r a t i o n  weight f o r  
t h i s  c a s e  was 38,300 l b s ,  and t h e  l a n d e d  and r e t u r n  p a y l o a d  
weights  c o u l d  b e  i n c r e a s e d  by 850 l b s  o v e r  t h e  Apo l lo  
c a p a b i l i t y .  The i n c r e a s e  i n  l a n d e d  we igh t  ( e x c l u d i n g  t h e  s p e n t  
d e s c e n t  s t a g e )  would be  about  1850 l b s ,  b u t  a b o u t  1 0 0 0  l b s  
o f  t h i s  i s  a d d i t i o n a l  a s c e n t  s t a g e  p r o p e l l a n t  and  t a n k a g e  
r e q u i r e d  f o r  r e t u r n i n g  t h e  samples  to l u n a r  o r b i t .  Greater 
r e t u r n  p a y l o a d s  are p o s s i b l e  i f  t h e  l a n d e d  p a y l o a d  weight  
i s  r e d u c e d  (up  t o  1 4 0 0  l b s  i f  no a d d i d i o n a l  p a y l o a d  i s  
l a n d e d ) ,  however,  t h e  assumed c a s e  seems more r e a l i s t i c .  

The above h e a v i e r  LM r e q u i r e s  r e d e s i g n  t o  p r o v i d e  i n -  
c r e a s e d  t a n k a g e ,  l a n d i n g  s t r u c t u r e  and  e n g i n e  t h r u s t  l e v e l s .  Can- 
d i d a t e  LM augmen ta t ion  t e c h n i q u e s  a r e  d e s c r i b e d  i n  R e f e r e n c e  3,  

d i s c u s s e d  i n  R e f e r e n c e  4 .  
aiid a COIrlpaal.ison witi- ,  the AAp C - . - . :  

a i i c l b c L . - b a A l  app i  uabh 13 

Summarizing t h e  two c a s e s  c o n s i d e r e d  here ,  a 7 0 0 0  l b  
i n c r e a s e  i n  LM s e p a r a t i o n  weight  i s  p o s s i b l e  i f  t h e  Block I1 
SM p r o p e l l a n t  c a p a c i t y  i s  used .  The r e l a t i v e l y  l a r g e  we igh t  
g rowth  amounts t o  a b o u t  2200 l b s  a d d i t i o n a l  l a n d e d  p a y l o a d  
f o r  s u r f a c e  o p e r a t i o n s .  I f  i n c r e a s e d  r e t u r n  p a y l o a d  were 
t h e  m a j o r  o b j e c t i v e ,  a 5800 l b  LM we igh t  i n c r e a s e  ( c o n s t r a i n e d  
by SM p r o p e l l a n t  c a p a c i t y )  would p r o v i d e  a n  850 lb i n c r e a s e  
i n  b o t h  l a n d e d  and r e t u r n e d  pay load  o v e r  Llie Apo l lo  c a p a b i l i t y .  

If Block I SM t a n k s  were u s e d  f o r  t h e  two c a s e s  
a b o v e ,  a maximum LM s e p a r a t i o n  weight o f  4 6 , 5 0 0  l b s  would be  
p o s s i b l e .  The LM weight  i s  now l i m i t e d  by t h e  l a u n c h  v e h i c l e  
T L I  c a p a b i l i t y  r a the r  t h a n  by t h e  SM p r o p e l l a n t  c a p a c i t y .  
( U p r a t e d  S a t u r n  V c a p a b i l i t y  assumed t o  be  1 1 i i , O O O  l b s  p e r  

* T h i s  i s  n o t  n e c e s s a r i l y  t h e  bes t  way t o  improve t h e  s tage ,  
b u t  s i m p l y  t h e  eas ies t  c a s e  f o r  a f i r s t  a n a l y s i s .  
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r e f e r e n c e s  1, 2 ,  and 5 ) .  The comparable  pay load  improvements 
would be 4500  l b s  l anded  or 1950 l b s  l a n d e d  and r e t u r n e d .  
These r e s u l t s  a re  t a b u l a t e d  i n  T a b l e  2 .  

Recent  i n d i c a t i o n s  a re  t h a t  t h e  Apo l lo  c o n t r o l  
w e i g h t s  may be r e v i s e d  t o  r e f l e c t  a 98,000 l b  i n j e c t i o n  
w e i g h t .  A breakdown of  t h e s e  new w e i g h t s  ( R e f e r e n c e  6 )  
i n d i c a t e s  s u b s t a n t i a l  i n c r e a s e s  to t h e  Command and S e r v i c e  
Modules '  i n e r t  w e i g h t s ,  and c o n s e q u e n t l y  t o  t h e  amount of  
S e r v i c e  Module p r o p e l l a n t  r e q u i r e d  f o r  t h e  Apo l lo  m i s s i o n .  
If t h e s e  w e i g h t s  a re  i n c o r p o r a t e d ,  t h e  e f f e c t s  a r e  r a t h e r  
d r a s t i c .  The maximum LM s e p a r a t i o n  w e i g h t s  p o s s i b l e  w i t h  
t h e  Block I1 s e r v i c e  module (40,000 l b s  of  p r o p e l l a n t )  would 
b e  r educed  from 39,500 l b s  t o  35,300 l b s .  With an u p r a t e d  
S a t u r n  V and  a Block I S e r v i c e  Module, t h e  a l l o w a b l e  LM 
s e p a r a t i o n  weight  would be  reduced  from 46,500 t o  43 ,700  l b s .  
Tab le  3 c o r r e s p o n d s  t o  Tab le  2 e x c e p t  t h a t  t h e  i n c r e a s e d  
Apo l lo  w e i g h t s  are r e f l e c t e d .  

Appendix C c o n t a i n s  t h e  methods used f o r  c a l c u l a t i n g  
t h e  r e s u l t s  p r e s e n t e d  he re .  

2 . 3  EARTH ORBIT RENDEZVOUS MODE 

P r e v i o u s l y  i t  was shown t h a t  a s u b s t a n t i a l l y  h e a v i e r  
LM c o u l d  b e  f lown by u s i n g  t h e  S e r v i c e  Module 's  f u l l  p r o p e l l a n t  
c a p a c i t y .  The l aunch  v e h i c l e  i n j e c t i o n  c a p a b i l i t y  r e q u i r e d ,  
however,  was 1 0 4 , 0 0 0  l b s .  I n  t h e  e v e n t  t h a t  t h e  S a t u r n  V 
v e h i c l e  c a p a b i l i t y  does  n o t  grow t o  t n i s  l e v e l ,  a n o t h e r  
a l t e r n a t i v e ,  t h e  e a r t h  o r b i t  r endezvous  mode (Refe rence  7 ) ,  
c o u l d  e n a b l e  assembly of an  u p r a t e d  Apo l lo ,  b u t  a t  t h e  expense  
of a n  u p r a t e d  S a t u r n  I l aunch  v e h i c l e .  The m i s s i o n  r e q u i r e s  
b o t h  a S a t u r n  V and S a t u r n  I l a u n c h .  The S a t u r n  I v e h i c l e  
(40 ,000  l b s  e a r t h  o r b i t a l  c a p a b i l i t y )  p l a c e s  a h e a v i e r  unmanned 
LM i n t o  e a r t h  o r b i t .  The S a t u r n  V v e h i c l e  o r b i t s  a s t a n d a r d  
manned CSM which rendezvous  and docks w i t h  t h e  o r b i t i n g  LM. 
T r a n s l u n a r  i n j e c t i o n  i s  accompl ished  by t h e  S- IVB s t a g e  of t h e  
S a t u r n  V v e h i c l e .  Because of t h e  l i g h t e r  pay load  on t h e  
S a t u r n  V v e h i c l e ,  s u f f i c i e n t  p r o p e l l a n t  r ema ins  i n  t h e  S-IVB 
s tage  t o  i n j e c t  116,000 l b s .  T h i s  c a p a b i l i t y ,  d e r i v e d  by 
Douglas  A i r c r a f t  Co, (Refe rence  7 ) .  i s  mope t h a n  a d e q u a t e  
t o  a l l o w  f o r  some C S M  weight  growth .  

of magni tude  as p r e v i o u s l y  d i s c u s s e d  (39 ,000  l b s )  and t h u s  
t h e  l a n d e d  or r e t u r n a b l e  pay loads  would be  t h e  same as 
p r e s e n t e d  i n  t h e  p r e v i o u s  m i s s i o n  mode. 

The LM gross weigh t  would be  abou t  t h e  same o r d e r  

The " E a r t h  O r b i t  Rendezvous" mode i s  mentioned here  
mere ly  as a p o s s i b l e  con t ingency  i n  e v e n t  t h e  S a t u r n  V v e h i c l e  
improvements  f a i l  t o  m a t e r i a l i z e .  
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3 . 0  

been  

TWO-VEHICLE MISSIONS USING AVAILABLE OR M I N I M U M  
MODIFICATION EQUIPMENT 

The m i s s i o n  nodes  d i s c u s s e d  up t o  t h i s  p o i n t  have 
Y 

c o n f i n e d  t o  a s i n g l e  v e h i c l e "  c a r r y i n g  b o t h  p e r s o n n e l  
and l o g i s t i c s  f o r  t h e  m i s s i o n - - e s s e n t i a l l y ,  a n  e x t e n s i o n  o f  
t h e  Apo l lo  c a p a b i l i t i e s .  

The n e x t  s t e p  w i l l  b e  t o  l o o k  a t  two-veh ic l e  m i s s i o n s ,  
w i t h  one l a u n c h  used  p r i m a r i l y  as a p e r s o n n e l  c a r r i e r  and 
t h e  o t h e r  f o r  l o g i s t i c s .  For t h e  r e m a i n i n g  m i s s i o n  modes t o  
be d i s c u s s e d ,  t h e  S a t u r n  V Apol lo  c o n f i g u r a t i o n  w i l l  be used '  
f o r  d e l i v e r y  and r e t u r n  of p e r s o n n e l  v i a  t h e  Apol lo  t y p e  
LOR f l i g h t .  With modest u p r a t i n g s ,  t h e  c a p a b i l i t y  o f  t h i s  
sys t em can  be e x t e n c e d  t o  l and  and r e t u r n  th ree  ( 3 )  men; 
t h e  maximum c o n s i d e r e d  f o r  t h i s  s t u d y .  Thus,  a l l  t h e  f o l l o w -  
i n g  m i s s i o n  modes d i s c u s s e d  w i l l  be  c o n f i n e d  t o  t h e  l o g i s t i c s  
f l i g h t s .  

3 . 1  UNMANNED APOLLO WITH LM L A N D I N G  

I f  t h e  b a s i c  Apollo hardware were f lown on a n  un- 
manned "no r e t u r n "  f l i g h t ,  a s u b s t a n t i a l  l o g i s t i c s  pay load  
would be p o s s i b l e  v i a  a n  unmanned LM l a n d i n g .  L a r g e r  pay- 
l o a d s  are r e a l i z e d  p r i m a r i l y  because  t h e  SM "earth r e t u r n "  
p r o p u l s i o n  can  be  used  t o  accompl ish  p a r t  o f  t h e  d e s c e n t .  
The AV r e q u i r e m e n t s  f o r  t h e  LM d e s c e n t  s t a g e  a r e  t h u s  
r e d u c e d  a l l o w i n g  o f f - l o a d i n g  o f  p r o p e l l a n t  and s u b s t i t u t i o n  
o f  p a y l o a d .  Based on t h e  Apol lo  s p a c e c r a f t  c o n t r o l  weights  
(94 ,000  l b s ) ,  b u t  w i t h  t h e  Block I1 S e r v i c e  Module t a n k s  
f i l l e d  t o  c a p a c i t y ,  t h e  t c t a l  landed  eight including t h e  
s p e n t  d e s c e n t  s t a g e ,  would be between 19 ,500  and 2 1 , 0 0 0  l b s .  
S u b t r a c t i n g  t h e  weight  of t h e  s p e n t  d e s c e n t  s t a g e  l e a v e s  
between 1 4 , 5 0 0  and 1 6 , 0 0 0  l b s  o f  p a y l o a d .  F o r  t h e  c a s e  o f  
minimum m o d i f i c a t i o n  hardware,  t h e  LM a s c e n t  s t a g e  would have 
t o  be c a r r i e d  p r i m a r i l y  f o r  i t s  r e a c t i o n  c o n t r o l  and g u i d a n c e  
s y s t e m s .  Allowing 5 ,000  l b s  f o r  a n  a s c e n t  s t a g e  s t r i p p e d  
o f  a l l  b u t  e s s e n t i a l  components d e c r e a s e s  t h e  n e t  uEable  
pay load  t o  between 9,500 and 1 1 , 0 0 0  l b s .  Use of  t h e  LM Truck 
concep t  w i t h  t h e  "no r e t u r n "  m i s s i o n  would a l l o w  a pay load  
package  t o  r e p l a c e  t h e  a s c e n t  s t a g e  e x c e p t  f o r  a dock ing  
s t r u c t u r e .  The u s a b l e  pay loads  c o u l d  t h e n  be i n c r e a s e d  by 
a b o u t  a n  a d d i t i o n a l  4 ,000  l b s .  

*The E a r t h  o r b i t  rendezvous  i s  c l a s s i f i e d  as a s i n g l e  
v e h i c l e  m i s s i o n  i n  t h e  sense  t h a t  o n l y  one v e h i c l e  i s  
i n v o l v e d  beyond t h e  e a r t h  o r b i t a l  assembly  p h a s e .  
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These c a p a b i l i t i e s  were d e r i v e d  u s i n g  t h e  Apol lo  
CSM i n e r t  w e i g h t s .  S i n c e  t h e  C S M  w i l l  n o t  c o n t a i n  a crew 
and i s  j e t t i s o n e d  r a t h e r  t h a n  r e t u r n e d  t o  e a r t h ,  i t  can  b e  
s t r i p p e d  o f  a l l  b u t  equipment e s s e n t i a l  t o  t h i s  t y p e  
m i s s i o n  t o  f u r t h e r  i n c r e a s e  t h e  u s a b l e  p a y l o a d s  ( 1 7 5  l b  
p a y l o a d  i n c r e a s e  f o r  e a c h  1 0 0 0  l b s  i n e r t  weight  removed 
from CSM). 

T h i s  m i s s i o n  mode looks  a t t r a c t i v e  from t h e  
s t a n d p o i n t  o f  making u s e  of e x i s t i n g  Apo l lo  hardware ;  
however,  t h e r e  are  some problem areas.  F ly i f la  t h e  b a s i c  
Apo l lo  t y p e  m i s s i o n  sequence  r e q u i r e s  a t u r n - a r o u n d  and 
dock ing  maneuver a f t e r  t r a n s l u n a r  i n j e c t L o n .  T h i s  maneuver 
would have t o  be  au tomated  f o r  t h e  unmanned m i s s i o n  mode. 
Use o f  on board  TV sys t ems  w i t h  a command l i n k  t o  e a r t h  
seems a r e a s o n a b l e  s o l u t i o n ,  bu t  would r e q u i r e  some develop-  
ment and t e s t .  The g u i d a n c e  and n a v i g a t i o n  sys t ems  of Apol lo  
would a l s o  r e q u i r e  some a d d i t i o n a l  f e a t u r e s  for an  unmanned 
l a n d i n g .  F i n a l l y ,  t h e  d e s c e n t  s t a g i n g  concep t  would have t o  
b e  implemented.  

* 

4 . 0  MISSION MODES U S I N G  M O D I F I E D  AND NEW EQUIPMENT 

4 . 1  INTERMEDIATE LAUNCH VEHICLES 

Launch v e h i c l e s  o f  i n t e r m e d i a t e  c a p a b i l i t y  were 
i n v e s t i g a t e d  t o  d e t e r m i n e  t h e i r  a p p l i c a t i o n  t o  a l u n a r  
e x p i o r a t i o n  program. Two v e h i c l e s  w i t h  c a p a b i l i t i e s  that  
c o u l d  v e r y  w e l l  f i t  i n t o  a spec t rum of  e a r l y  m i s s i o n s  were 
s e l e c t e d .  The prirr,ary advantage  of t h e  i n t e r m e d i a t e  c l a s s  
v e h i c l e s  i s  t h e i r  lower  o p e r a t i o n a l  c o s t s ,  

The two l a u n c h  v e h i c l e s  s e l e c t e d  were t h e  S a t u r n  I B  

l l . T A ( T )  w i t h  a 1 1 6 , 0 0 0  l b  e a r t h  o r b i t a l  c a p a b i l i t y ,  and t h e  

MLV-INT-20 w i t h  a 1 3 5 , 0 0 0  l b  c a p a b i l i t y .  The S a t u r n  I B  
l l . T A ( T )  i s  an  u p r a t e d  S a t u r n  I v e h i c l e  w i t h  f o u r .  
120 i n c h , 7  segment ,  t a i l o r e d  g r a i n ,  s o l i d  r a c k e t  mo to r s  
s t r a p p e d  on t o  t h e  f i r s t  s t a g e  which has a 2 0  f o o t  t a n k  
e x t e n s i o n .  The MLV-INT-20 v e h i c l e  e s s e n t i a l l y  i s  a S a t u r n  V 
v e h i c l e  w i t h  t h e  second s tage (S-11) rembved and w i t h  on ly  
4 F-1 e n g i n e s  i n  t h e  f i r s t  s t a g e .  

**  
**  

The f o l l o w i n g  t r a n s l u n a r  i n j e c t i o n  ( T L I )  c a p a b i l i t i e s  
f o r  t h e s e  two v e h i c l e s  were e s t i m a t e d  on t h e  basis  of  data  
r e c e i v e d  from Douglas A i r c r a f t  Co. ( D A C )  f o r  t h e  S a t u r n  I B  
l l . T A ( T )  and  from p r e l i m i n a r y  t r a j e c t o r y  c a l c u l a t i o n s  made 
f o r  t h e  MLV-INT-20: 

* 
A s t u d y  

i m p l i c a t i o n s .  

Launch 
* *  

s t u d i e s .  

o f  t h i s  concep t  might  have u s e f u l , . l o n g - r a n g e  

v e h i c l e  nomencla ture  t a k e n  from S a t u r n  improvement 
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S a t u r n  IB l l . T A ( T )  - 31,375 l b s  T L I  

MLV-INT-20 - 35,000 l b s  T L I  

The l u n a r  l anded  pay loads  p o s s i b l e  w i t h  t h e s e  
two v e h i c l e s  were f i r s t  de te rmined  on t h e  basis  of u s i n g  a 
c r y o g e n i c  l a n d i n g  s t a g e  (RL-10 e n g i n e  pe r fo rmance )  s i z e d  
such  t h a t  t h e  weight  of  t h e  s t a g e  p l u s  t h e  pay load  e q u a l e d  
t h e  TLI c a p a b i l i t y .  The l anded  pay loads  were:  

S a t u r n  I B  1 1 . 7 A ( T )  - 8 , 1 0 0  - 9 , 2 0 0  l b s  l a n d e d  

MLV-INT-20 - 9 , 0 0 0  - 1 0 , 2 5 0  l b s  l a n d e d  

A TRW s t u d y  (Refe rence  8 )  p r e s e n t e d  some d e s i g n  
c o n c e p t s  of  b o t h  s i n g l e  and two s t a g e  c r y o g e n i c  l a n d e r s  f o r  
p a y l o a d s  i n  t h e  o r d e r  o f  30,000 l b s  w i t h  t h e  S a t u r n  V v e h i ? l e .  
Use of  e i t h e r  of  t h e s e  l a n d i n g  s t a g e s  w i t h  t h e  i n t e r m e d i a t e  
l a u n c h  v e h i c l e s  was i n v e s t i g a t e d .  
t h e  r e t r o  and l a n d i n g  maneuirers, t h e  b a s i c  m i s s i o n  mode employ- 
ed  t h e  c r y o g e n i c  l a n d i n g  s t a g e  t o  p r o v i d e  t h e  a d d i t i o n a l  
impu l se  t o  r e a c h  i n j e c t i o n  v e l o c i t y  a f t e r  l a u n c h  v e h i c l e  (S-IVB 
burn -ou t .  The l a n d e d  payload  c a p a b i l i t i e s  f o r  e i t h e r  o f  t h e  
l a n d i n g  s t a g e s  were:  

I n  a d d i t i o n  t o . p e r f o r m i n g  

S a t u r n  I B  1 1 . 7 A  - 6,900 - 8,200 l b s  l anded  

The pay load  p e n a l t y  o f  abou t  1 0 0 0  l b s  i s  a s s o c i a t e d  
w i t n  t h e  l a r g e r  i n e r t  weight  of t h e  TRW l a n d i n g  s tages .  T h i s  
p e n a l t y  m u s t .  be t raded  nff 2gain.t the n h v i ~ c s  advantages 
of u s i n g  a s t a g e  s u i t a b l e  for b o t h  t h e  i n t e r m e d i a t e  and 
S a t u r n  V v e h i c l e s .  The i n t e r m e d i a t e  v e h i c l e s  c o u l d  t h e n  be  
used  f o r  t h e  d u a l  pu rpose  o f  d e l i v e r i n g  l o g i s t i c s  f o r  e a r l y ,  
smal ler  s c a l e  m i s s i o n s  w h i l e  s e r v i n g  i n  t h e  development o f  
a l a n d i n g  s t a g e  f o r  l a r g e r  sca le  o p e r a t i o n s .  

4 . 2  LM SHELTER MISSION 

This a i ~ d  a l l  the f o l l o w i n g  i i i isslon modes u s e  t h e  
S a t u r n  V v e h i c l e  a l o n g  w i t h  new equipment  developments  f o r  
l o g i s t i c s  f l i g h t s .  The f o l l o w i n g  a re  resumes from t h e  
v a r i o u s  s t u d i e s  r ev iewed .  References  t o  t h e  s t u d i e s  a re  
i n c l u d e d  i f  more d e t a i l  i s  d e s i r e d .  

The LM s h e l t e r  m i s s i o n  (Refe rence  4) i s  r e l a t i v e l y  
w e l l  known from t h e  AAP program and w i l l  be  o n l y  b r i e f l y  
ment ioned  h e r e  t o  p r o v i d e  a base f o r  comparing c a p a b i l i t i e s  
of t h e  m i s s i o n  equipment t o  follow. The b a s i c  m i s s i o n  concep t  
u s e s  a LM a s c e n t  s tage  conve r t ed  t o  p r o v i d e  a s h e l t e r  c a p a b l e  
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o f  s u p p o r t i n g  a two-man crew i n  t h e  l u n a r  envi ronment  f o r  
1 4  d a y s .  I n  a d d i t i o n  t o  t h e  s h e l t e r ,  t h i s  t y p e  of  f l i g h t  
i s  c a p a b l e  o f  l a n d i n g  a s m a l l  r o v i n g  v e h i c l e  (LSSM) and 
2100  l b s  o f  s c i e n t i f i c  equipment .  The s h e l t e r  i s  l a n d e d  
unmanned and t h e  crew i s  landed  nea rby  i n  a s e p a r a t e  LM 
m o d i f i e d  f o r  a l o n g  s t andby  t i m e  on t h e  s u r f a c e .  

4 . 3  LM TRUCK/ELS MISSION 

Two new equipment i t e m s  a re  r e q u i r e d  f o r  t h i s  t y p e  
o f  m i s s i o n ;  t h e  LM Truck ,  and t h e  E a r l y  Lunar  S h e l t e r  ( E L S ) .  
The LM Truck i s  a LM d e s c e n t  stage m o d i f i e d  t o  i n c l u d e  a n  RCS 
sys t em,  p r o v i d e  a p l a t f o r m  f o r  pay load  i n t e r f a c e ,  and c o n t a i n  
t h e  n e c e s s a r y  gu idance  f o r  a n  unmanned l a n d i n g .  The l a n d e d  
p a y l o a d  c a p a b i l i t y  i s  t h e  same o r d e r  o f  magni tude as t h e  LM 
d e s c e n t  s tage (approx .  10,300 l b s ) .  The E a r l y  Lunar S h e l t e r  
concep t  i s  p r e s e n t l y  unde r  s t u d y  t o  d e v e l o p  an optimum 
s h e l t e r  d e s i g n  c a p a b l e  o f  s u p p o r t i n g  2 or 3 men on t h e  l u n a r  
s u r f a c e  f o r  an  ex tended  s t a y t i m e .  P r e l i m i n a r y  r e s u l t s  o f  
t h i s  s t u d y  i n d i c a t e  t h a t  t h e  ELS c o u l d  s u s t a i n  a crew o f  
t h r e e  ( 3 )  on t h e  l u n a r  s u r f a c e  f o r  30 days  o r  2 men f o r  
50  d a y s  i n  a d u t y  c y c l e  hav ing  n i n e  man-hours p e r  day o f  
7 , 3 0 0  l b s ,  which l e a v e s  3000 lbs t o  b e  a s s i g n e d  for s c i e n t i f i c  
and m o b i l i t y  equipment ( L o c a l  S c i e n t i f i c  Survey Module and /o r  
Lunar  F l y i n g  V e h i c l e ) .  

4 . 4  S-IVB STAGE CONVERTED TO LANDER (LASS) 

The LASS concep t  (Lunar  A p p l i c a t i o n  f o r  a Spen t  S tage)  
as p roposed  by Douglas A i r c r a f t  Company ( R e f e r e n c e  9 )  u s e s  
t h e  S-IVB S t a g e  o f  t h e  S a t u r n  V v e h i c l e  as a l a n d e r .  Landing i s  
accompl i shed  by means of  a h i g h l y  v e r s a t i l e  J -2  s i z e  e n g i n e  w i t h  
or w i t h o u t  two a u x i l i a r y  RL-10 e n g i n e s  p a r a l l e l  mounted t o  accom- 
p l i s h  touchdown ( F i g u r e  3 ) .  A l a n d i n g  g e a r  must b e  added t o  t h e  
s t a g e .  Douglas c l a i m s  a landed  pay load  c a p a b i l i t y  o f  abou t  
2 7 , 0 0 0  l b s .  I n  a d d i t i o n ,  t h e r e  i s  t h e  p o s s i b i l i t y  o f  u s i n g  t h e  
empty S-IVB t ankage  as a s h e l t e r  or l a b .  

A r e v i e w  of  t h i s  p r o p o s a l  was made ( R e f e r e n c e  10) 
w i t h  t h e  g e n e r a l  c o n c l u s i o n  t h a t  t h e  m i s s i o n  mode i s  f e a s i b l e .  

we igh t  r educed  t h e  l a n d e d  payload  t o  a r a n g e  between 1 6 , 0 0 0  and 
1 9 , 0 0 0  l b s .  Labor on t h e  l u n a r  s u r f a c e  r e q u i r e d  to c o n v e r t  
t h e  S-IVB t ankage  t o  a l a b  or a she l t e r  w i l l  p r o b a b l y  r u l e  
o u t  t h i s  idea ,  e s p e c i a l l y  f o r  s i n g l e  m i s s i o n s  t o  a g i v e n  
l o c a t i o n .  The v e r t i c a l  l a n d i n g  c o n f i g u r a t i o n  has a r e l a t i v e l y  
p o o r  l e n g t h - t o - d i a m e t e r  c h a r a c t e r i s t i c  and c o u l d  p r e s e n t  
problems w i t h  l a n d i n g  dynamics and c a r g o  u n l o a d i n g .  

T T n i  w o L L 1 6  n m  a m o m  cmservz t ive  A V  hgdget ar?d h e a v i e r  l a n d i n g  g e a r  
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From a hardware c o n f i g u r a t i o n  s t a n d p o i n t ,  t h e  
SS o f f e r s  a n e a r  t i m e  means o f  l a n d i n g  s u b s t a n t i a l  p a y l o a d s  

u l d  p r o v i d e  c a p a b i l i t y  f o r  many d i f f e r e n t  combina t ions  o f  
t h e  l u n a r  s u r f a c e .  Even t h e  lower  pay load  f i g u r e  ( 1 6 , 0 0 0  l b s )  

t h e  m i s s i o n  and s c i e n t i f i c  equipment d e s c r i b e d  i n  t h i s  
r e p o r t .  However, it i s  d o u b t f u l  t h a t  t h e  LASS would be 
c h e a p e r  t h a n  a new op t imized  c r y o g e n i c  l a n d e r .  

4 .5  SERVICE MODULE LANDER 

A concept  proposed  by Nor th  American A v i a t i o n  
( R e f e r e n c e  11) u s e s  a mod i f i ed  S e r v i c e  Module as a l a n d i n g  
s t a g e  ( F i g u r e  2 ) .  The m o d i f i c a t i o n s  would i n c l u d e  a l a n d i n g  
gear ,  s t r u c t u r a l  r e i n f o r c e m e n t ,  and a new t h r o t t l i n g  e n g i n e .  
The Command Module would be r e p l a c e d  by t h e  p a y l o a d ,  and gu idance  
and c o n t r o l  f u n c t i o n  f o r  a n  unmanned l a n d i n g  would be  r e q u i r e d .  
The pay load  quo ted  was 1 1 , 0 0 0  l b s  l a n d e d  w i t h  Block I t a n k s  
(45 ,000  l b s  o f  p r o p e l l a n t )  o r  as much as 1 6 , 0 0 0  l b s  w i t h  a 
4 2  i n c h  e x t e n s i o n  o f  t h e  S e r v i c e  Module f o r  i n c r e a s e d  p r o p e l l a n t  
c a p a c i t y .  

T h i s  m i s s i o n  mode o f f e r s  a means o f  l a n d i n g  p a y l o a d s  
i n  t h e  1 0 , 0 0 0  l b  c l a s s  w i t h  a r e l a t i v e l y  s imple  s p a c e c r a f t  
c o n f i g u r a t i o n .  M o d i f i c a t i o n s  t o  t h e  S e r v i c e  Module cou ld  
p r o b a b l y  be a v a i l a b l e  i n  a r e l a t i v e l y  s h o r t  t i m e  w i t h  t h e  
l a n d i n g  g e a r  p r e s e n t i n g  t h e  g r e a t e s t  problem. The s i z e  
of t h e  pay load  enve lope  would be l i m i t e d  by  t h e  1 5 4  i n c h  
diameter S e r v i c e  Module u n l e s s  a "hammer head" c o n f i g u r a t i o n  
were used  (See  F i g u r e  2). 

5 . 0  C O N C L U D I N G  REMARKS 

Lunar  e x p l o r a t i o n  program p l a n n i n g  s h o u l d  be aimed 
toward  p r o v i d i n g  r e q u i r e d  i n c r e a s e s  i n  m i s s i o n  c a p a b i l i t y  
w i t h i n  r e a s o n a b l e  budget  c o n s t r a i n t s .  The c a p a b i l i t y  which 
w i l l  u l t i m a t e l y  be r e q u i r e d ,  however,  canno t  be a c c u r a t e l y  
d e f i n e d  a t  t h i s  t i m e ,  and w i l l  undoub ted ly  be  s t r o n g l y  
i n f l u e n c e d  by  t h e  knowledge g a i n e d  from t h e  i n i t i a l  l u n a r  
l a n d i n g s .  I n  s h o r t ,  c o n t i n u i t y  i n  t h e  l u n a r  e x p l o r a t i o n  
program w i l l  depend on s e l e c t i o n  from t h e  v a r i o u s  equipment 
o p t i o n s  p r i o r  t o  having  t o t a l l y  f i r m  r e q u i c e m e n t s .  The 
o p t i o n s  i n c l u d e d  i n  t h i s  memorandum, t h e r e f o r e ,  s h o u l d  be  
c o n s i d e r e d  w i t h  t h i s  e lement  o f  r i s k  i n  mind. 

One o f  t h e  ma jo r  problems i n  m i s s i o n  mode s e l e c t i o n  
f o r  e x p l o r a t i o n  i s  t o  e v a l u a t e  t h e  s c i e n t i f i c  r e t u r n  o f  
s i n g l e  l a u n c h  m i s s i o n s  t o  s e v e r a l  s i t e s  r e l a t i v e  t o  t h e  
more comple te  s c i e n t i f i c  coverage  o f  fewer s i t e s  o f f e r e d  
by t h e  d u a l  l a u n c h  c o n c e p t s .  Although t h i s  a s p e c t  w i l l  n o t  
be  d i s c u s s e d  beyond t h i s  b r i e f  men t ion ,  t h e  impor t ance  o f  
d e v e l o p i n g  a good s c i e n t i f i c  r e t u r n  " y a r d s t i c k "  canno t  be 
over-emphasized.  
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O f  t h e  t h r e e  s i n g l e  l a u n c h  v e h i c l e  m i s s i o n  modes, 
t h e  Relaxed  AV budget  and t h e  E a r t h  O r b i t a l  Rendezvous Modes 
can h a r d l y  b e  c o n s i d e r e d  v a l i d  equipment o p t i o n s .  I n  t h e  
f i r s t  c a s e ,  i n c r e a s e d  c a p a b i l i t y  depends on r educed  m i s s i o n  
r e q u i r e m e n t s  t o  e n a b l e  g r e a t e r  p a y l o a d s  w i t h  e x i s t i n g  Apol lo  
equipment .  While such  a con t ingency  i s  c o n c e i v a b l e ,  i t  
s h o u l d  n o t  b e  depended on.  The E a r t h  O r b i t a l  Rendezvous 
mode i s  mere ly  an a l t e r n a t i v e  i n  t h e  e v e n t  i n c r e a s e d  S a t u r n  V 
c a p a b i l i t y  f a i l s  t o  ma te r i a l i ze ,  or i n  c a s e  weight  growth 
i n  t h e  b a s i c  Apol lo  hardware u s e s  up t h e  i n c r e a s e .  T h i s  
m i s s i o n  mode by  i t s e l f  cannot  i n c r e a s e  l u n a r  m i s s i o n  
c a p a b i l i t y  u n l e s s  some LM u p r a t i n g  takes  p l a c e .  

T h e  LM has p r a c t i c a l l y  u n i v e r s a l  a D D l i c a t i o n  as 
a p e r s o n n e l  d e l i v e r y  sys tem.  F u r t h e r  most s t u d i e s  i n d i c a t e  
r e q u i r e m e n t s  for 3 men on t h e  l u n a r  s u r f a c e .  Landing 
and r e t u r n i n g  a t h i r d  crew member w i l l  r e q u i r e  LM u p r a t i n g ,  
and t h e  a s s o c i a t e d  development c o s t s  w i l l  b e  i n c u r r e d .  
Maximum LM u p r a t i n g  c o n s i s t e n t  w i t h  l a u n c h  v e h i c l e  and 
s e r v i c e  module c a p a b i l i t i e s  p robab ly  would n o t  i n c r e a s e  t h e  
development  c o s t s  a p p r e c i a b l y .  F i g u r e  C-1, Appendix C ,  
i n d i c a t e s  t h e  r ange  o f  c a p a b i l i t i e s  p o s s i b l e  i n  t e r m s  
of l a n d e d  and r e t u r n  pay load  i n c r e a s e s  f o r  maximum LM 
u p r a t i n g s  c o n s i s t e n t  w i t h  t w o  l e v e l s  o f  S a t u r n  V c a p a b i l i t y  
and w i t h  e i t h e r  Block I1 or Block I S e r v i c e  Modules. F i g u r e  
C-1 a l s o  i n d i c a t e s  t h e  e f f e c t s  o f  t h e  p roposed  Apol lo  c o n t r o l  
w e i g h t s  c o n s i s t e n t  w i t h  a 9 8 , 0 0 0  l b  i n j e c t i o n  w e i g h t .  It 
can  r e a d i l y  be  s e e n  from F i g u r e  C-1 t h a t  t h e  Apol lo  s p a c e c r a f t  
w e i g h t s  must n o t  be a l lowed  t o  grow w i t h  i n c r e a s i n g  l aunch  
v e h i c l e  c a p a b i l i t y  i f  t h e  LM growth p o t e n t i a l  for l u n a r  
e x p l o r a t i o n  a c t i v i t i e s  i s  t o  b e  m a i n t a i n e d .  

A l l  r ema in ing  m i s s i o n  modes dea l  w i t h  t h e  unmanned 
l o g i s t i c s  f l i g h t s  o f  t h e  d u a l  l a u n c h  c o n c e p t .  The p r imary  
d i f f e r e n c e s  a r e  i n  t h e  c h o i c e  of l a n d i n g  v e h i c l e s .  The 
unmanned Apo l lo  w i t h  LM l a n d i n g  i n t r o d u c e s  some r a t h e r  s e v e r e  
m i s s i o n  c o m p l e x i t i e s  (Automated t u r n  a round and dock and 
d e s c e n t  s t a g i n g  o f  t h e  S e r v i c e  Module) .  The LASS and S e r v i c e  
Module Lander  i n v o l v e  c o n v e r t i n g  e i t h e r  t h e  S-IVB s tage  or 
t h e  S e r v i c e  Module i n t o  l a n d e r s .  C o s t s  a s s o c i a t e d  w i t h  t h e  
r a t h e r  e x k e n s i v e  m e d i f i c a t i o n s  ceuld w e l l =  b e  comparable  t o  
t h e  development  o f  an  op t imized  c r y o g e n i c  l a n d e r .  The LM 
Truck  p r o b a b l y  would b e  t h e  l e a s t  e x p e n s i v e  t o  deve lop .  

The  I n t e r m e d i a t e  Launch V e h i c l e  concept  p r o v i d e s -  
a means o f  d e l i v e r i n g  l u n a r  l o g i s t i c  Pay loads  w i t h  a s m a l l e r  
l a u n c h  v e h i c l e  and a new c ryogen ic  l a n d e r .  The l a n d e r  
deve loped  here  would b e  des igned  f o r  e v e n t u a l  u se  w i t h  t h e  
S a t u r n  V v e h i c l e  and pay loads  i n  t h e  3 0 , 0 0 0  l b  c l a s s .  The 
h i g h  development  c o s t s  a s s o c i a t e d  w i t h  t h e  new l aunch  v e h i c l e  
c o n f i g u r a t i o n  and t h e  l a n d e r  would be  g r a d u a l l y  o f f s e t  by  
t h e  lower  o p e r a t i o n a l  c o s t s  ( t h e  break-even  p o i n t  w i t n  d u a l  
S a t u r n  V l a u n c h  m i s s i o n s  comes a t  abou t  1 0  e x p e d i t i o n s ) .  
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f r o m  p r o v i d i n g  development  of t h e  l a n d e r ,  
e has o t h e r  side b e n e f i t s .  Use of  t h e  S a w u r n  

d e r i v e d  i n t e r m e d i a t e  l a u n c h  v e h i c l e  r e d u c e s  r e q u i r e m e n t s  
f o r  S a t u r n  V v e h i c l e s  and f a c i l i t i e s  i n  e v e n t  of c o m p e t i t i o n  
w i t h  o t h e r  space  programs.  I n  a d d i t i o n ,  t h e  lower  o p e r a t i o n a l  
c o s t s  a r e  e s p e c i a l l y  a t t r a c t i v e  w i t h  m u l t i p l e  l a u n c h  m i s s i o n s  
( two i n t e r m e d i a t e  v e h i c l e s  for l o g i s t i c s  and one o r  more 
S a t u r n  V ' s  f o r  p e r s o n n e l ) ,  The added l a u n c h  would be used  t o  
d e l i v e r  a m o b i l i t y  s y s t e m  of  t h e  MOLAB c l a s s  t o  p r o v i d e  more 
e x t e n s i v e  s u r f a c e  e x p l o r a t i o n .  

C .  Bendersky 

1013/CB /dmc 
1 0 1 2  DRV 

d.yd* D. R .  V a l l e  

At tachments  
Tables  1-3 
Appendixes A-C 
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Fig1 

APPENDIX A 

r e  A - 1  i n d i c a t e s  t h e  LM weight  per formanc  
f o r  v a r i o u s  d e g r e e s  of r e l a x a t i o n  i n  i t s  a V  bLdget .  The 
r a n g e  o f  AV r e d u c t i m s  ( 5 0 0  f t / s e c  f o r  a s c e n t  and 8 0 0  f t  
f o r  d e s c e n t )  i s  s u f f i c i e n t  t o  r e d u c e  t h e  Apo l lo  LM v e l o c i t y  
r e q u i r e m e n t s  to a minimum and s t i l l  have t h e  r e s u l t i n g  
v e h i c l e  w e i g h t s  remain  w i t h i n  t h e  c a p a b i l i t i e s  o f  t h e  
Block I1 SM and t h e  1 9 7 0  S a t u r n  V l a u n c h  v e h i c l e .  

The c u r v e s  o f  F i g ,  A - 1  a re  based on t h e  Apol lo  LM 
c o n t r o l  w e i g h t s ,  t a n k  c a p a c i t i e s ,  and  e n g i n e  per formance .  
Al lowable  i n c r e a s e s  to b o t h  t h e  LM a s c e n t  and d e s c e n t  s t a g e s  
can  be  read from t h e  f a m i l y  o f  c u r v e s  f o r  combina t ions  of  
LM AV a d j u s t m e n t s .  Reducing t h e  a s c e n t  AV budget  can  be  
t a k e n  advan tage  of  i n  two d i f f e r e n t  w a y s :  (1) add ing  t o  t h e  
a s c e n t  s t a g e  bu rnou t  weight  ( sample  r e t u r n s ) ,  or ( 2 )  
o f f - l o a d i n g  a s c e n t  p r o p e l l a n t  and s u b s t i t u t i n g  p a y l o a d .  
A c c o r d i n g l y ,  t h e r e  are two c u r v e s  f o r  e a c h  inc remen t  of 
change i n  t h e  a s c e n t  AV. 

To h e l p  i n t e r p r e t  F i g .  A-1, l e t  i t  be  assumed 
t h a t  t h e  a s c e n t  AV i s  reduced  by 200 f t / s e c ,  and t h e  
d e s c e n t  by 6 0 0  f t / s e c .  Fo l lowing  e a c h  of  t h e  two c u r v e s  
l abe led  - 2 0 0  ( a s c e n t  AV a d j u s t e m e n t )  t o  i n t e r s e c t i o n  
w i t h  t h e  600  f t / s e c  d e s c e n t  AV r e d u c t i o n  shows t h a t  2 1 5 0  
l b s  can  b e  added t o  t h e  d e s c e n t  s t a g e  i f  a s c e n t  p r o p e l l a n t  
i s  o f f - l o a d e d  (dashed  c u r v e )  or t h a t  o n l y  1 7 2 0  l b s  can  be  
added  i f  t h e  a s c e n t  s t a g e  burn-out  weight  i s  i n c r e a s e d .  
The a l l o w a b l e  we igh t  o f  a s c e n t  p r o p e l l a n t  o f f - l o a d e d  
( 2 1 0  3 b s )  or t h e  i n c r e a s e  i n  a s c e n t  stage burnou t  weight  
(229  l b s )  are i n d i c a t e d  as p a r t  of t h e  c u r v e  l abe l s .  

Descent  s tage  weight  i n c r e a s e s  can  be c o n s i d e r e d  
as i n c r e a s e d  l a n d e d  pay load ,  w h i l e  i n c r e a s e s  to t h e  a s c e n t  
s t a g e  burn-out  weight  can  be i n t e r p r e t e d  as b o t h  l a n d e d  
and  r e t u r n e d  pay load  i n c r e a s e s .  
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APPENDIX B 

F i g u r e  B-1 was developed  i n  t h e  p r o c  ss of  d e t e r m i n i n g  
t h e  LM growth  p o s s i b l e  by us ing-  t h e  e n t i r e -  SM p r o p e l l a n t  
c a p a c i t y .  The f i g u r e  i s  be ing  i n c l u d e d  h e r e  for i t s  con- 
v e n i e n c e  as a tool i n  e s t i m a t i n g  weight  pe r fo rmance .  

B a s i c a l l y ,  t h i s  c h a r t  r e p r e s e n t s  t h e  per formance  
c a p a b i l i t y  o f  t h e  Apo l lo  SM p a r a m e t r i c a l l y  r e l a t e d  to t h e  
CSM i n e r t  w e i g h t ,  t o t a l  LM we igh t ,  and  t o t a l  i n j e c t i o n  
w e i g h t .  To i l l u s t r a t e  t h e . u s e  o f  F i g .  B-1 ,  t h e  b a s i c  Apo l lo  
m i s s i o n  c a n  b e  t a k e n  as a n  example. The 94,000 l b s  i n j e c t i o n  
we igh t  o r d i n a t e  i n t e r s e c t s  t h e  s o l i d  and dashed  l i n e s  l a b e l e d  
w i t h  t h e  CSM i n e r t  we igh t  (21,200 lbs) a t  p o i n t s  t h a t  i n d i c a t e  
a LM s e p a r a t i o n  we igh t  of  32,500 l b s  and a n  SM p r o p e l l a n t  
r e q u i r e m e n t  o f  3 7 , 1 0 0  l b s  r e s p e c t i v e l y ,  which i s  r e a s o n a b l y  
c l o s e  to t h e  Apo l lo  numbers.  Now, i f  t h e  CSM i n e r t  we igh t  
were to i n c r e a s e  to 23,000 l b s ,  t h e  c h a r t  c a n  be used  to 
d e t e r m i n e  t h e  f o l l o w i n g  a l t e r n a t i v e s :  

1. M a i n t a i n i n g  t h e  94,000 l b  i n j e c t i o n  we igh t  
a l l o w s  a LM s e p a r a t i o n  weight  of  o n l y  
2 9 , 8 0 0  l b s  a n d  t h e  SM p r o p e l l a n t  r e q u i r e d  
would b e  37,900 l b s .  (Reading  v e r t i c a l l y  
on t h e  9 4 , 0 0 0  I b  i n j e c t i o n  weight o r d i n a t e  
to t h e  i n t e r s e c t i o n s  w i t h  s o l i d  and dashed  
l i n e s  labe led  23 ,000) .  

2 .  M a i n t a i n i n g  a 32,5Oc!  I b  LM s e p a r a t i m  we igh t  
would i n c r e a s e  t h e  i n j e c t i o n  we igh t  to 
97,800 l b s  w i t h  3 9 , 0 0 0  l b s  o f  SM p r o p e l l a n t  
r e q u i r e d .  (Reading h o r i z o n t a l l y  u n t i l  t h e  
3 2 , 5 0 0  l b  LM weight  l i n e  i n t e r s e c t s  t h e  
s o l i d  (23,000)  l i n e  and t h e n  v e r t i c a l  to ' 

dashed  l i n e  for 23,000 l b  CSM. 



TABLE I 

AV BUDGETS 

V e l o c i t y  Requ i red  f o r  70-90 Hour T r a n s f e r  T r a j e c t o r y  - 35,900 f t / s e c  

O r b i t a l  V e l o c i t y  f o r  1 0 0  NM E a r t h  O r b i t  2 5 , 5 8 0  f t / s e c  

AV Requ i red  f o r  T r a n s l u n a r  I n j e c t i o n  1 0 , 3 2 0  f t / s e c  

AV REQUIRED FOR L A N D I N G  
* 

TRW ( f t / s e c )  

Midcourse  C o r r e c t i o n  1 1 2  

A t t i t u d e  C o n t r o l  1 0  

U l l a g e  1 0  

Lunar  O r b i t  I n s e r t i o n  3068 

T r a n s f e r  O r b i t  I n s e r t i o n  1 0 0  

P l a n e  Change -- 

Ullage 1 0  

Main Braking  5810 

Hover and  Land 5 9 0  

R e  s e r v e s  

T o t a l  

**  
MSFC ( f t / s e c )  

164 

3380 

98  

1 9 7  

5750 

655 

1 9 7  

9710 1 0 4 4 1  

-- 

* 
Obta ined  From R e f e r e n c e  8 

** 
Obta ined  V e r b a l l y  From M S F C  - M r .  G .  Woodcock - R-FP. 



TABLE 2 

LM Growth P o s s i b i l - i t i e s  

as c o n s t r a i n e d  b y  p r e s e n t  c o n t r o l  w e i g h t s  and:  

(1) S e r v i c e  Module p r o p e l l a n t  c a p a c i t y  o r  

( 2 )  Launch v e h i c l e  i n j e c t i o n  c a p a b i l i t y  

BLOCK I1 BLOCK I 
SM PROPELLANT TANKS SM PROPELLANT TANKS 

Case I Case I1 Case I Case I1 

LM S e p a r a t i o n  Weight ( l b s )  39,500 38,300 46,500 45,700 
(Tnc ludes  C r e w  & Pay load)  

I n j e c t i o n  Weight ( l b s )  103 ,900  1 0 2 , 8 0 0  114 ,000  1 1 4 , 0 0 0  
* 

SM P r o p e l l a n t  Weight ( l b s )  40,000 40,000 43,000 43,000 

Landed Pay load  I n c r e a s e  ( l b s )  2 , 2 0 0  850 4,500 1 , 9 5 0  

850 -- 1 , 9 5 0  Re tu rned  Payload  I n c r e a s e  ( l b s )  -- 

* *  
* I  

Case I - Max. l anded  payload  i n c r e a s e  ( n o  a d d i t i o n a l  r e t u r n e d )  

Case I1 - Equal  i n c r e a s e  i n  l a n d e d  and r e t u r n e d  pay load  

% 
I n j e c t i o n  weight  i n c l u d e s  3 ,800  l b  a d a p t e r  

IC+ 
Payload  i n c r e a s e s  t o  Apol lo  c a p a b i l i t y  - based  on 94,000 lbs 

l n j e c t i o n  weight .  



TABLE 7 

LM Growth P o s s i b i l i t i e s  

a s  c o n s t r a i n e d  by  new c o n t r o l  w e i g h t s  and:  

(1) S e r v i c e  Module P r o p e l l a n t  C a p a c i t y  o r  

( 2 )  Launch V e h i c l e  I n j e c t i o n  C a p a b i l i t y  

BLOCK I1 BLOCK I 
SM PROPELLANT TANKS SM PROPELLANT TANKS 

Case I Case I1 Case I Case TI 

LM S e p a r a t i o n  Weight ( l b s )  35,300 34,800 43,700 43,000 
( T n c l u d e s  C r e w  & P a y l o a d )  

I n j e c t i o n  Weight ( l b s )  1 0 2 , 0 0 0  101 ,500  1 1 4 , 0 0 0  114,000 

SM P r o p e l l a n t  Weight ( l b s )  4 0 , 0 0 0  40,000 43,600 44,300 

9 0 0  350 3,600 1,550 Landed Pay load  I n c r e a s e  ( l b s )  

* 

**  
**  

350 -- 1,550 Retu rned  Payload  I n c r e a s e  ( l b s )  -- 

Case I - Max. Landed Payload (no a d d i t i o n a l  r e t u r n e d )  

Case I1 - Equal i n c r e a s e  i n  l a n d e d  and r e t u r n e d  p a y l o a d  

* 
I n j e c t i o n  Weight I n c l u d e s  3 ,900  l b  Adapter  

+*  
Payload  I n c r e a s e s  o v e r  A p o l l o  c a p a b i l i t y  - based  on 

p roposed  Apo l lo  C o n t r o l  Weights - 98,000 l b s  i n j e c t i o n  we igh t .  
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APPENDIX C 

PAYLOAD CAPABILITY OF AN UPRATED LN 

I. INTRODUCTION 

These calculations determine the increase to 
Apollo payload capabilities obtainable with a LM uprated to 
take advantage o f  Service Module propellant cappcity 
(BLK I and BLK I1 tanks) and a Saturn V translunar injection 
capability up to 114,000 lbs. 

LET : 

ALM = LM weight increase over Apollo 
ASMP = Service Module Propellant Increase Over Apollo 
A = Mass Fraction of the A p o l l o  LM Descent Stage 

(Weight of  Propellant/Total Stage Weight) 

LET : 

R1 = Mass Ratio for the Translunar Injection AV (3,190 f p s )  

R2 = Mass Ratio f o r  the LM Rescue AV (680 f p s )  

R = Mass Ratio f o r  the Lunar Orbit Insertion AV (3,607 fps) 

R4 = Mass Ratio for the LM Descent and Landing AV (7,332 fps) 
3 

R5 = Piass  Ratio for the LM Ascent AV (6,586 fps) 
Initial Weight - AV 

- Exp RoIsp Mass Ratio (R) = Final Weight 

LET : 

X = A Payload Landed 

Y = A Payload Returned 

Assumptions: 

1. The thrust of the descent and ascent stages are 
increased to maintain the same initial thrust-to-' 
weight ratio and thus the same AV budget. 

held constant to allow f o r  increased weight of 
tankage, structure, landing gear, etc., as the 
descent propellant requirement increases. 

2. The Apollo LM descent gtage niass fraction ( A )  is 
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3. The increased weight of the ascent stage f o r  
tankage and structure is assumed to be 10% 
of the increase in returned payload (Y). 

11. DETERMINATION OF ADDITIONAL SERVICE MODULE PROPELLANT 
(ASMP) REQUIRED FOR LM GROWTH (ALM). INCREASED 
LANDED PAYLOAD (X) AND INCREASED RETURNED PAYLOAD (Y) 

(Propellant Weight = (Stage Final Weight)(Mass Ratio-1) 

YCR1-1) 

Y(R1-1)(R2-1) 

[Y(R1-l) + Y(R1-1)(R2-1) + ALM + X][R3-l] = ASNP for lunar 
orbit insertion 

= ASMP f o r  transearth injection 

= ASMP for LM Rescue 

.',Total increase in Service Module Propellant 

ASMP = Y(R1-l) + Y(R1-1)(R2-1) + [Y(R1-l) + Y(Rl-I-)(R2-1) + ALM 
+ XICR3-lI 

ASMP = Y(R1-l)R R + X(R3-1) + ALM(R3-l) 
2 3  

Using Apollo AV budget and performance numbers (Isp) for values 
and R * 3' of R1' R2' 

(1) ASMP = Y(0.5704520148) + (X + ALM)(.430716944) 

111. DETERMINATION OF INCREASED LM WEIGHT (ALM) REQUIRED 
IN TEZMS OF INC3EASED LANDED (x: A m  RETVRNED (Y) 
PAYLOADS 

Y(l.l)(R5) = Increased Lift-off weight of ascent stage 
(0.1Y added to allow for ascent stage tankage 
penalty) 

Y(l.l)(R )-Y = increased landed weight of ascent stage 

ALPi + il = increased LM separation weignt - 
5 

ALM + = Increase in total landed weight 
R4 

ALM + '(R 1) = Increase in descent propellant',required 4- R4 
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P r o p e l l a n t  Weight By definition A = P r o p e l l a n t  Weight t Burn-out Weight 
1 -1 or P r o p e l l a n t  Weight (7) = Burn-out Weight 

. ALM + X 1 -A ( R 4 - l ) ( 7 )  = I n c r e a s e  i n  LM d e s c e n t  burn-out  weight  
* *  R 4  

(Allowance f o r  i nc rease$ .  d e s c e n t  s t a g e  i n e r t  weight  
i s  based  on h o l d i n g  t h e  mass f r a c t i o n  ( 1 ) ' c o n s t a n t  
a t  t h e  Apol lo  v a l u e ) .  

I n c r e a s e  i n  t o t a l  l anded  weight  = I n c r e a s e  i n  a s c e n t  s t a g e  l a n d e d  
we igh t  p l u s  t h e  i n c r e a s e  i n  
d e s c e n t  s t a g e  burn-out  weight  
p l u s  t h e  i n c r e a s e d  pay load  
l a n d e d .  

o r  
ALM t X 1 -A 

ALM + = Y(l.lR5-1) + ( R 4 - 1 ) ( 7 )  + X 
R 4  R 4  

Using Apol lo  Values  f o r  R 4 ,  R 5 ,  and X : 

(2) ALM = Y ( 3 . 6 1 9 1 7 1 0 0 2 )  + X ( 2 . 1 3 2 2 6 5 4 0 3 )  

E q u a t i o n s  (1) and ( 2 )  are g e n e r a l  e x p r e s s i o n s  t h a t  r e l a t e  t h e  
a d d i t i o n a l  S s r v i c e  Module P r o p e l l a n t  Weight (ASMP) and t h e  
i n c r e a s e  i n  LM Weight (ALM) t o  combina t ions  o f  l a n d e d  and 
r e t u r n e d  pay load  i n c r e a s e s .  

Three  sample c a s e s  w i l l  be  worked t o  i l l u s t r a t e  
t h e  a p p l i c a t i o n  of  t h e s e  e x p r e s s i o n s  t o  d e t e r m i n e  t h e  p o s s i b l e  
p a y l o a d  i n c r e a s e s  when t h e  BLK I1 S e r v i c e  Module P r o p e l l a n t  
t a n k s  a re  f i l l e d  t o  c a p a c i t y  ( 4 0 , 0 0 0  l b s ) .  

CASE I Maximum l a n d e d  payload  i n c r e a s e  - No A d d i t i o n a l  Re tu rned  
Payload .  

F o r  t h i s  c a s e :  Y = 0 and e q u a t i o n s  
(1) and ( 2 )  become: 

(1) ASMP = ( X  + ALM)(.430716944) 

( 2 )  ALM = X(2.132265403) 
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. S i n c e  t h e  Apo l lo  mis s ion  r e q u i r e s  3 7 , 0 0 0  l b s  of  
S e r v i c e  Module P r o p e l l a n t ,  BLK I1 Tanks f i l l e d  to 
c a p a c i t y  ( 4 0 , 0 0 0  l b s )  p r o v i d e  3000 l b s  of  a d d i t i o n a l  
p r o p e l l a n t  (ASMP) 

S o l v i n g  (1) and ( 2 )  above when ASMP = 3000 ;  

X = 2 , 2 2 4  l b s  a d d i t i o n a l  pay load  l a n d e d  

ALM = 4 , 7 4 1  l b s  i n c r e a s e  to LM weight  

LM S e p a r a t i o n  Weight = 3 2 , 5 0 0  + 4 7 4 1  + 2 2 2 4  = 3 9 , 4 6 5  1 b s  

( T a b l e  2 - Case I g i v e s  t h e s e  r e s u l t s )  

CASE I1 Landed Payload  I n c r e a s e  E q u a l s  R e t u r n  Payload  I n c r e a s e  

For t h i s  c a s e :  X = Y and  E q u a t i o n s  
(1) and ( 2 )  become: 

(1) ASMP = Y ( 1 . 0 0 1 1 6 8 5 9 8 )  + ALM(.430716944)  

( 2 )  ALM = Y ( 5 . 7 5 1 4 3 6 4 0 5 )  

S o l v i n g  (1) and ( 2 )  above w i t h  ASMP = 3 0 0 0 ;  

X = Y = 8 6 2  l b s  landed  & s e t u r n e d  payload  I n c r e a s e s  

ALM = 4 , 9 6 0  l b s  i n c r e a s e  t o  LM Weight 

LM S e p a r a t i o n  Weight = 32,500 + 4 9 6 0  + 8 6 2  = 3 8 , 3 2 2  l b s  

( T a b l e  2 - Case I1 g i v e s  t h e s e  r e s u l t s )  

CASE I11 Maximum R e t u r n  Payload I n c r e a s e  - No A d d i t i o n a l  
Landed Payload  

For t h i s  c a s e :  X = 0 ;  and  E q u a t i o n s  
(1) and ( 2 )  become: 

(1) ASMP = Y ( . 5 7 0 4 5 2 0 1 4 8 )  + 4LM( .430716944)  

( 2 )  ALM = Y ( 3 . 6 1 9 1 7 1 0 0 2 )  

S o l v i n g  1 and 2 above w i t h  ASMP = 3000;  



BELLCOMM, I N C .  -5- 

Y = 1 4 0 9  l b s  a d d i t i o n a l  pay load  r e t u r n e d  

IV . 

ALM = 5099 l b s  i n c r e a s e  t o  LM we igh t  

LM S e p a r a t i o n  Weight = 3 2 , 5 0 0  + 5 0 9 9  = 3 7 , 5 9 9  l b s  

( T h i s  l a s t  c a s e  was n o t  i n c l u d e d  j-n Tab le  2 
s i n c e  i t  d o e s n ' t  seem a p r a c t i c a l  o p t i o n ) .  

ONE A D D I T I O N A L  STEP NECESSARY I N  THE ABOVE CALCULATIONS 
I S  TO CHECK THAT THE T,AIJNCH VE€-IICT,E ? S INJECTION 
CAPABILITY I S  NOT EXCEEDED 

Apol lo  I n j e c t i o n  Weight = 94,000 l b s  

S a t u r n  V C a p a b i l i t y  ( 1 9 7 0 )  = 104,000 l b s  

Upra ted  S a t u r n  V C a p a b i l i t y  = 114 ,000  l b s  

ASMP + ALM + X = I n c r e a s e  t o  t h e  Apol lo  I n j e c t i o n  Weight 

:. ASMP + ALM + X = 104,000 - 94,000 for 1 9 7 0  S a t u r n  V < 

ASMP + ALM + X 2 114,000 - 94,000 for u p r a t e d  S a t u r n  V 

F o r  t h e  3 sample c a s e s  above, t h e  i n j e c t i o n  weight  i s  w i t h i n  
t h e  1 9 7 0  S a t u r n  V c a p a b i l i t y ;  t h e r e f o r e  t h e  i n c r e a s e d  pay load  
and LM w e i g h t s  c a l c u l a t e d  a r e  l i m i t e d  by t h e  S e r v i c e  Module 
P r o p e l l a n t  C a p a c i t y .  

When t h e  g e n e r a l  e x p r e s s i o n s  a re  a p p l i e d  for 
Cases 1 n T . T n l T . T i f l g  R l n c k  L S e r v i c e  Mnd_nle tanks ( 4 5 , Q Q O  I& 
c a p a c i t y ) ,  t h e  r e s u l t i n g  i n j e c t i o n  weight  e x c e e d s  t h e  
c a p a b i l i t y  of  t h e  u p r a t e d  S a t u r n  V (114 ,000  l b s ) .  Payload  
and LM weight  i n c r e a s e s  a r e  t h e r e f o r e  l i m i t e d  by t h e  l aunch  
v e h i c l e  c a p a b i l i t y .  For this s i t u a t i o n ,  3 e q u a t i o n s  must 
be  used  to d e t e r m i n e  t h e  a l l o w a b l e  weight  i n c r e a s e s .  The 
S e r v i c e  Module P r o p e l l a n t  I n c r e a s e  (ASMP) m m t  a l s o  be 
t r e a t e d  as an unknown q u a n t i t y  as follows:. 

2 A L M  = Y(3.61917002) + ~ ( 2 . 1 3 2 2 6 5 4 0 3 )  

3 ASMP + ALM + X = 20,000 
< 

Applying  t h e s e  t h r e e  g e n e p a l  e x p r e s s i o n s  t o  t h e  same 3 c a s e s ,  
e x c e p t  w i t h  a 45,000 l b s  S e r v i c e  Module P r o p e l l a n t  c a p a c i t y  
w i l l  g i v e  t h e  r e s u l t s  shown 111 T a b l e s  2 and 3 for Block I 
SM p r o p e l l a n t  t a n k s .  



BELLCOMM. I N C .  -6- 

The l i m i t s  of  a t t a i n a b l e  mixes of  l a n d e d  and  
r e t u r n e d  pay load  i n c r e a s e s  unde r  t h e  a s sumpt ions  i n  t h i s  
append ix  f o r  B lock  I and Block I1 SM P r o p e l l a n t  Tanks 
and b o t h  o l d  and new Apollo c o n t r o l  w e i g h t s  a re  shown 
i n  F i g u r e  C-1. 
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